Abstract: Aryl isoselenocyanates 1 react with different phenacyl halides 2 in the presence of hydrazine hydrate in a one-pot reaction to give selenadiazines 3a-3f in good-to-excellent yields.
1.
Introduction. -Selenium-containing heterocycles are of remarkable interest because of their antitumor, antibacterial and other notable biological and pharmaceutical activities [1] . Among our efforts devoted to the chemistry of selenium in organic synthesis, we were also interested in the preparation of selenadiazines. Several articles deal with the synthesis of 1,3,4-[2-4], 1,3,5-[5] [6] , and 1,2,6-selenadiazines [7] but, to the best of our knowledge, no synthesis has been described starting from isoselenocyanates. Some selenadiazines are of biological and physical interest and are found to be cardiotonic [8] or spasmolytic agents [9] , but they are also of importance as agrochemicals, dyes and organic electric conductors [10] .
In numerous articles, the synthesis of 1,3,4-selenadiazine derivatives by ring enlargement of other selenium-containing heterocycles like selenadiazoles or selenazoles is described [11] [12]. However, most of the papers showed the uses of the selenoureas [13] , selenosemicarbazides [14] [15] or phenyl acetylene selenide as intermediates [16] .
As a part of our program aimed at the development of simple new procedures for the synthesis of selenium-containing heterocycles [17] [18] [19] [20] [21] [22] [23] [24] , we have recently reported on the utility of isoselenocyanates as building blocks for the synthesis of 1,3-selenazetidines [25] , 1,3-selenazolidines and perhydro-1,3-selenazines [26] , 2-methylidene-1,3-selenazolidine derivatives [27] , and 1,3-selenazepanes [28] . As an extension of this work, we report here on a novel and efficient synthesis of 1,3,4-selenadiazines.
2.
Results and Discussion. -The used isoselenocyanates 1a-1e (see Tab. 1) have been prepared conveniently by a slightly modified procedure of Barton et al. [29] from the corresponding N-arylformamide by treatment with COCl 2 and elemental Se. Then, hydrazine hydrate was added to a mixture of equimolar amounts of 1 and a phenacyl halide 4 2 in CH 2 Cl 2 at room temperature. After stirring for 3-4 h, the reaction was complete (TLC) and the solvent was evaporated. The product was purified by column chromatography on silica gel using a mixture of hexane and AcOEt (ratio from 1/0 to 1/1) and recrystallized from AcOEt. The IR-spectra (KBr) of the pale-yellow solids showed two characteristic strong absorptions at ca. 1590 and 1560 cm -1 but no C=O absorption. The NMR-spectra revealed the presence of an NH (11.3-11.8 ppm) and a CH 2 group (3.8-3.95 ( 1 H) and ca.
15 ppm ( 13 C)), and the CI-MS and elemental analyses were in accordance with the structure of a 3,6-dihydro-2-imino-2H-1,3,4-selenadiazine 3 or its 2-amino tautomer (Scheme 1).
Finally, the structure of 3a was established by X-ray crystallography ( Figure) .
Scheme 1
Figure. ORTEP Plot [30] of the molecular structure of 3a (arbitrary numbering of the atoms, 50% probability ellipsoids)
In the heterocyclic ring, the unsubstituted C-atom is a CH 2 group, and only one ring N-atom carries an H-atom. The other one is involved in a C=N bond. The heterocyclic ring has a distorted boat conformation. The NH group forms an intermolecular H-bond with the exocyclic imine N-atom of a neighboring molecule. In turn, the acceptor molecule makes an identical H-bond to the original molecule so that pairs of molecules are linked into centrosymmetric dimeric units. The H-bonding can be described by a graph set motif [31] of R 2 , 2 (8).
The described one-pot reaction of 1, 2, and hydrazine led to the products 3a-3f in 55-80% yield ( Table 1) . Several attempts have been made to carry out this three-component 5 reaction in two consecutive steps. The treatment of 1 with hydrazine hydrate, followed by the addition of a phenacyl halide 2, did not yield the desired product, but the corresponding selenosemicarbazide was formed. On the other hand, the reaction of the hydrazone, which had been prepared from 2 and hydrazine, with 1 led quickly to decomposition products. [34] . In the present three-component reaction, the nucleophile (hydrazine) and the electrophile (2) are separated. Addition of hydrazine to 1 leads to the adduct 7, which immediately reacts with the third component 2 to give 8. Finally, an intramolecular condensation by elimination of H 2 O, i.e., the formation of a hydrazone, leads to the selenaheterocycles 3.
Scheme 2
In conclusion, we have shown that the three-component reaction of isoselenocyanates 1, phenacyl halides 2, and hydrazine is a very convenient and useful procedure for the preparation of 1,3,4-selenadiazines 3. 6 We thank the analytical units of our institute for spectra and analyses. [36] . The intensities were corrected for Lorentz and polarization effects, and an absorption correction based on the multi-scan method [37] was applied. Equivalent reflections were merged. Data collection and refinement parameters are given in the Table, and a view of the molecule is shown in the Figure. The structure was solved by direct methods using SIR92 [38] , which revealed the positions of all non-H-atoms. The non-H-atoms were refined anisotropically.
(4-Chlorophenyl)(5-phenyl-3,6-dihydro-2H-[1,3,4]selenadiazin-2-yliden)amine (3c
The amine H-atom was placed in the position indicated by a difference electron density map and its position was allowed to refine together with an isotropic displacement parameter. All of the remaining H-atoms were placed in geometrically calculated positions and refined using a riding model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2U eq of its parent C-atom. Refinement of the structure was carried out on F 2 using full-matrix least-squares procedures, which minimized the function Σw(F o 2 -F c 2 ) 2 . A correction for secondary extinction was applied.
One reflection, whose intensity was considered to be an extreme outlier, was omitted from the final refinement. Neutral atom scattering factors for non-H-atoms were taken from [39a] , and the scattering factors for H-atoms were taken from [40] . Anomalous dispersion effects were included in F c [41] ; the values for ƒ' and ƒ" were those of [39b] . The values of the mass attenuation coefficients are those of [39c]. All calculations were performed using the SHELXL97 [42] program. 
